Purpose: to investigate the semiology of subtle motor phenomena in critically ill patients, with-versus without nonconvulsive status epilepticus (NCSE). Methods: 60 consecutive comatose patients, in whom subtle motor phenomena were observed in the intensive care unit (ICU), were analysed prospectively. The semiology of the subtle phenomena was described from video-recordings, blinded to all other data. For each patient, the type, location and occurrence-pattern/duration were described. EEGs recorded in the ICU were classified using the Salzburg criteria for NCSE. Results: only 23% (14/60) of the patients had NCSE confirmed by EEG. None of the semiological features could distinguish between patients with NCSE and those without. In both groups, the following phenomena were most common: discrete myoclonic muscle twitching and discrete tonic muscle activation. Besides these, automatisms and eye deviation were observed in both groups. Conclusion: subtle motor phenomena in critically ill patients can raise the suspicion of NCSE. Nevertheless, EEG is needed to confirm the diagnosis, since none of the semiological features are specific.
Introduction
Subtle phenomena, resembling discrete ictal manifestations have been described in patients with nonconvulsive status epilepticus (NCSE) [1] . These subtle motor phenomena consist of discrete phenomena like twitches of the eyelids, face, jaw, extremities or the trunk, head and/or eye deviation, as well as peculiar automatisms [1, 2] . Treiman speculated that these subtle motor phenomena occur when the patient experiences such a degree of encephalopathy that an electromechanical dissociation occurs, so that in spite of continuous ictal activity in the brain, only subtle motor phenomena are generated [3] .
This term has gained wide acceptance in clinical practice. In the recently published ILAE classification of status epilepticus (SE), this is referred to as "subtle" SE [4, 5] . However, the diagnosis is challenging, since these phenomena are subtle and they can occur in other pathological conditions in critically ill patients [2] . Drugs, particularly anaesthetics and analgesics, can induce myoclonic twitches [6] .
It has been suggested that certain features of the subtle movements, like their duration/persistence can help in distinguishing between NCSE and other causes of these phenomena [6] . However, the semiology of these subtle motor phenomena has not been systematically studied yet.
Our goal was to investigate and describe the semiological features of subtle motor phenomena that occur in critically ill patients, with and without NCSE. We have prospectively recorded and described the type, location and occurrence-pattern/duration of subtle motor phenomena occurring in the Intensive Care Unit (ICU). To confirm NCSE, EEG was recorded simultaneously with the subtle movements, and we scored the recordings using the Salzburg criteria for NCSE [7, 8] .
Methods
Sixty consecutive patients (24 female), aged between 6 days and 80 years (mean: 40.7, median: 46.5 years) were analysed. Inclusion criteria were: critically ill patients, admitted to the ICU, where the personnel observed discrete motor phenomena. The patients were recruited from ICU in Cluj-Napoca, Romania (Clinical Hospital for Infectious Diseases, Unirea Medical Center and Regional Institute for Gastroenterology and Hepatology). The patients had Glasgow Coma Scale between 3 and 9 (mean: 4.9; median: 5). The study was approved by the Institutional Ethics Committee, and the relatives of the patients gave their informed consent. Video and EEG was prospectively recorded for a sufficient duration to capture and characterize the subtle motor phenomena observed by the personnel in the ICU. The minimal duration of the recordings was 30 minutes. When needed, repeated recordings were done.
Semiological features were extracted from the video recordings by three, board-certified neurologists, with experience in evaluating patients in the epilepsy monitoring units and intensive care units. The following features were logged into the database: (1) name (type) of the semiological phenomenon; (2) somatotopical feature, i.e. the part of the body involved; (3) occurrence, i.e. timerelated feature. These features were extracted in joint reading sessions, in randomized order from the video-database, blinded to the clinical and electrographic data.
EEG was evaluated by two board-certified clinical neurophysiologists, in joint reading sessions, blinded to the clinical data. EEG recordings were considered to confirm NCSE if they satisfied the Salzburg criteria [7, 9] . These criteria have high sensitivity and specificity for diagnosing NCSE [8] .
Demographic data, diagnosis and final outcome were entered into the database, besides semiology and EEG.
We used Chi-square test to analyse the difference in occurrence of the semiological features between the patients with NCSE and those without. In case of small cell frequencies (5) the Fisher's exact test was used.
Results
Fourteen out of the 60 patients (23%) with subtle motor phenomena in the ICU had NCSE confirmed by EEG. Table 1 shows diagnoses and the final outcomes in the subgroups of patients with and without NCSE. There was no significant difference between the two subgroups concerning demographic data, diagnosis and outcome. Antiepileptic drug therapy was instituted significantly more often (p = 0.02) in the subgroup of patients with subtle convulsions and NCSE confirmed by EEG (Table 1) . Table 2 shows the semiological features in the sub-groups of patients with and without NCSE. In both sub-groups, the most common phenomenon was discrete myoclonic muscle-twitching, which often occurred almost continuously or in clusters. The second most common phenomenon, in both sub-groups was discrete tonic muscle activation, with duration between 1-30 seconds. Besides these, subtle automatisms and eye-deviation were identified in both sub-groups.
None of the semiological features could distinguish between the sub-groups of critically ill patients with NCSE and those without.
Discussion
Although subtle seizures have been reported to occur in comatose patients, the semiology of these phenomena, and their relationship to NCSE have not been systematically investigated yet.
We have characterized the semiological features of subtle motor phenomena in critically ill patients admitted to the ICU. The most common phenomena were discrete myoclonic twitching and tonic muscle activation. Less than one fourth of patients had NCSE confirmed by EEG, although it was recorded during the subtle convulsions.
None of the semiological features could distinguish between the patients with-and without NCSE. Although it has been suggested that certain features of the subtle movements, like their duration (persistence) can help in distinguishing between NCSE and other causes of these phenomena [6] . In our series we could not confirm this.
Discrete motor phenomena, like the ones observed in subtle seizures have been reported as side-effects of medications typically used in the ICU: anaesthetics (propofol, midazolam), Table 1 Diagnoses and outcome in the sub-groups of critically ill patients with subtle motor phenomena, with and without NCSE.
NCSE
Coma without NCSE antiemetics, corticosteroids [2] . In addition, subtle motor phenomena can occur as a direct consequence of the underlying brain insult in acutely ill patients: brainstem and spinal myoclonus, spinal reflexes, automatisms, release signs, posturing movements accompanying cerebral herniation, chorea and hemiballismus (due to vascular pathology), asterixis (toxic-metabolic conditions) [10] . A limitation of this study was, that continuous EEG was not available in the ICUs [11, 12] . However, in all cases, EEG was recorded during the subtle motor phenomena documented on the video, and, when necessary, the recordings were repeated. Compared to the wide variety of somatotopical features, our sample-size is relatively small. Further, larger-scale studies, using continuous EEG recordings are needed to fully elucidate these aspects. Nevertheless, since less than one fourth of the 60 patients with subtle convulsions had NCSE during these phenomena, it is unlikely that epileptic activity would have caused them.
A previous study found that a combination of semiological findings (ocular movement abnormalities), remote risk factors for seizures and severely impaired mental state were seen significantly more often in the patients with NCSE [13] . Observation of subtle motor phenomena, in association with clinical data indicating increased risk for seizure can be used to select patients for further diagnostic work-up [13] .
To the best of our knowledge, this is the first publication systematically addressing the semiological features of subtle motor phenomena in comatose patients. These phenomena can raise the suspicion of NCSE. Nevertheless, EEG is needed to confirm the diagnosis, since none of the semiological features is specific.
